The COD value is the main control index of sewage standard. The method of three-dimensional electrocatalytic oxidation is studied for deep treatment of oilfield sewage. The oxidation mechanism and the structure of the three-dimensional electrode reactor are analyzed and optimized. A series of single factor experimental results show that each control parameter has different influences on COD removal rate in the process of oxidative degradation. Based on the experimental study of electrode materials, electrode filled particles, electrolysis current and resident time of sewage, when the system condition are DSA electrode-F plate, the electrode particles of activated carbons:glass beads:quartz sands = 5:2:2, the electrolysis current of 6 A and the retention time of 50 min, the sewage by oxidized treatment meets the discharge standard of COD ≤ 50 mg·L −1
Introduction
In the process of high efficient oil recovery by polymer injection in oil field, some sewage needs treatment to meet the discharge COD (chemical oxygen de-mand) standards. The composition of this oily sewage is complex, and the sewage contains residual agents, residual trace oil, residual polymers and so on [1] from various technical measures. Using conventional sewage treatment technology is difficult to achieve national and local control standards. Advanced oxidation deep treatment technology is an important method to meet the sewage discharge standard, and electrochemical catalytic oxidation [2] [3] [4] is fast and efficient in COD removal, strong in the control process, and easy to use with other unit process. It can deal with both inorganic and organic pollutants without the addition of REDOX agents and secondary pollution, and it is an environmentally friendly green water treatment technology. The basic principle of three-dimensional electrode [5] [6] in COD treatment is electric catalytic REDOX reaction. The particles are respectively brought into positive and negative charges by electrostatic induction under the action of electric field between the main electrodes, then each particle becomes an independent electrode, and electrochemical REDOX reaction takes place at the surface of each particle at the same time to make the organic pollutants degraded. Compared with the conventional twodimensional electrode reactor, the three-dimensional electrode has an increase in the surface area of the working electrode, a decline in the migration distance of the reactants, a high mass transfer and reaction speed, a high current and time-space efficiency, and a great improvement in treatment effect. The authors fabricate a PFR (plug flow reactor) fixed-bed three-dimensional electrode reactor, the study object is import oily sewage from the biochemical unit in an oilfield sewage treatment system. The sewage contains trace oil and some polymer with high salinity; it contains little pollutants for surface water such as ammonia nitrogen. The feasibility of continuous treatment of oilfield sewage by electrochemical oxidation is studied, and the main effect factors such as electrode materials, electrode particles, electrolysis current and resident time of sewage on the COD control treatment of oilfield sewage are systematically studied to determine process control parameters for advanced treatment of oilfield sewage.
Experimental Section

Experimental Instruments and Chemicals
Dionex-ICS2100 ion chromatograph, Agilent 5975C Chromatography-Mass 
Water Quality Analysis
The experimental water samples are taken from the outlet of Physicochemical treatment process, and the content of Cl − is 5436.34 mg·L −1 . The results are shown in Table 1 .
Experimental Process
Three-dimensional electrode reactor designed to dual electrodes is mainly made up of electrolyzer, electrodes, filler particles, power, sampling port shown in Figure 1 . It is made of Plexiglas into sealed container whose length × width × height is 260 mm × 250 mm × 256 mm and effective treatment volume is 4 L.
The reticular titanium whose surface is made into inert electrode material by the different ruthenium and iridium oxides is used as dual electrodes with the specification of 120 × 120 mm. Rod-like activated carbons (after pretreatment of saturated adsorption) are filled between the positive and negative electrode plates with a certain amount of insulative particles of quartz sand and glass beads [7] [8] as the mass ratio of activated carbon:glass beads:quartz sand =5:2:2 and the surface/volume ratio of 3/10 (cm
). The flowing state of it is similar to that of PFR reactor.
Principle and Method of Three-Dimensional Electrode Reaction
The treatment effect of two-dimensional electrode in a limited time can not meet the requirements, therefore, the problem such as the small surface/volume ratio and the low efficiency needs to be solved. The three-dimensional electrode is directly filled with the particle electrode between the dual electrodes, and each particles become the independent third electrode which greatly increase the reaction area of the reactor, so that the electrochemical reaction spreads from the electrode surface to the whole three-dimensional space. It improves mass transfer effect, and further improves the electrochemical reaction efficiency, the structure of the three-dimensional electrode is shown in Figure 2 . The reaction mechanism is still the electrochemical degradation reaction [9] [10], active oxides are produced in the reaction process to form a dynamic process of adsorption-electrolysis-desorption. The existence of electrode particles improves specific surface area and adsorption capacity of the electrodes, electrode particles are charged due to induction in the electric field, so both sides of electrode particle present positive and negative poles to form a number of micro-electrolysis cells, then the electrochemical oxidation and reduction reaction occurs. It shortens the mass transfer distance, and improves the current efficiency and time-space efficiency, and rapidly decomposes pollutants in water.
Anodic reaction: •OH radicals are produced at a suitable anode potential. 
in the role of electrons, the appropriate number of charge transfer only needs to be provided in theory, effective residual chlorine oxidants will be produced in the solution, and play the role of oxidation.
Cathode reaction: hydrogen will be dissolved out on the cathode and produce OH − ions.
Trace amounts of produced gas has the function of air floatation that oil and part of organics in the sewage can be suspended to the water surface in order to achieve the rapid purification of oily sewage. 
Results and Discussions
The Effect of Electrode Filled Particles
1) Activated carbon
Activated carbon is mostly used as electrode filled particles in three-dimensional electrode system. Good adsorption capacity of activated carbon greatly improves the utilization of anodic oxidation products, and then it can significantly reduce energy consumption, in addition, activated carbon has a strong ability to adapt the changes of water quality, water temperature and water volume, and saturated adsorbed activated carbon can be can be reused after regeneration. Pour the sewage into an electrolytic cell filled with activated carbon overnight before electrolysis to eliminate the effects of adsorption on COD.
Activated carbon filled electrode electrolysis is the combined process of adsorption and electrochemical, when reaching the equilibrium of the adsorption, desorption and electrolysis, the reaction removal rate will be stabilized. Use activated carbon as the main filler to design three-dimensional electrode, when the current is 5 A, COD values at different electrolysis time are shown in Figure 3 .
The experimental result shows that when the current is 5 A and the electrolysis , and the COD removal rate is 53%, and it still can not meet the index of less than 50 mg·L −1 . Current of the three-dimensional electrode can be divided into three parts: the reaction current, bypass current, short circuit current. To improve the efficiency of the electrode reaction, the effective reaction current on the electrode should be increased, and the bypass current and short circuit current should be minimized. Electrode filled particles mixed with a certain percentage of insulating particles in the three-dimensional electrode can improve the contact station of each other to make more particles isolated from each other, and then the short-circuit current between particles can be effectively reduced corresponding to increasing the Faraday current, and reaction efficiency is improved. Therefore, activated carbon mixed with a certain amount of other particles as electrode filled particles is designed to improve the efficiency of the reaction.
2) Modified particles
Use different particle filling methods [7] [11] [12] respectively as follows : 1) glass beads + activated carbon (The mass ratio is about 1:3), 2) glass beads + activated carbon + activated carbon coated by Cellulose acetate (Coating method:
Weigh 10 g cellulose acetate, and make it dissolved in 1000 g glacial acetic acid, and 50% activated carbons are immersed in them, after 1 hour, take it out and make it dried out naturally in air. and then repeatedly wash it with tap water until the washing water is neutral, and then make it dried out naturally in air). , and the removal rate of COD is up to 60.77%. 
The Effect of Electrode Material on Treatment
The electrode material types are numerous in electrochemical treatment of COD Based on optimized experimental study [22] [23], the mesh electrode plate is used in this study. The mesh plate makes the flow pattern of sewage in the reactor change from laminar flow to turbulent flow, and the thickness of the hydraulic boundary layer on the electrode surface is decreased, which enhances convection to improve the mass transfer performance of the reactor [24] .
And the effective area of mesh electrode plate increases by 10% than the plate electrode. 3 × 6 mesh inert metal titanium is used as the base material in the experiment, and the surface is coated with a rare earth doped oxide active coating (RuO 2 , IrO 2 , SnO 2 ) treated at different ratio to form different DSA electrode plates A/C/D/F/, use particle filling methods 3 to form three-dimensional electrode reactor. Their COD change trends are shown in Figure 5 at the sewage treated time by four kinds of electrode materials in the output current of 6 A. The effect of four kinds of DSA electrode plates on the degradation of COD in sewage are different, and the effect of F electrode plate is the best, the COD of F electrode plate is degraded to 50 mg·L −1 or less after treated about 25 min. When increasing the electrolysis time, COD removal rate changes little, Extending electrochemical treated time for the degradation of residual pollutants is limited, At this time a large amount of electricity are consumed in the side reaction, in addition, substances adsorbed on the surface of activated carbon electrode material impede the electron transfer, so residual pollutants can not be further degraded. 
The Effect of Electrolysis Current and Resident Time of Sewage
The effective volume of the PFR electrochemical reactor filled with the threedimensional electrode material is about 3.9 L, and the resident time of the sewage is controlled by adjusting the pump displacement. Set parameters to adjust the pump displacement as the timing quantitative mode in Table 2 Figure 6 . Changing trend of COD at different currents by F-plate.
shows that the morphology of the used electrode plate samples are similar to that of the unused electrode plates, and there is no obvious dissolution and corrosion, indicating that the electrode material is stable.
UV-Vis Absorption Spectra of Water Samples in the Process of Treatment
Under the optimized experimental conditions: the output current of 6 A, the inertia F mesh electrode plate, the electrode spacing of 6cm, the particle filling methods 3, and the results of UV-Vis (ultraviolet-visible spectroscopy) absorption spectra of experimental series water samples in the process of the dynamic electrolytic treatment of 3.9 L oilfield sewage are shown in Figure 8 below.
There are three characteristic absorption bands of the polymer sewage in the range of 200 -350 nm before treatment, respectively, the main absorption peak band 1 (200 -220 nm), the shoulder absorption band 2 (230 -250 nm), the main absorption peak band 3 (280 -310 nm). The main absorption peak 1 may be caused by the conjugated structure of molecules and unsaturated ketones; The shoulder absorption band 2 may be caused by a benzene ring and its derivatives, they are mainly non-biodegradable substances; The main absorption band 3 may be a small molecule substances such as a carbonyl compound. The peak of the main absorption peak band 1 after electrolysis shows little change, indicating that the conjugated structure molecules and unsaturated ketones cannot be removed by electrolysis. The peak of the shoulder absorption band 2 after the electrolysis disappears, indicating that part of non-biodegradable substances in sewage are effectively removed and the biodegradability of the sewage after electrolysis is improved. As the electrolysis time increases, the peak value of the main absorption peak band 3 also increases, indicating that continuous small molecules such as carbonyl compounds are formed with the process of electrolysis, mainly because the benzene ring and its derivatives such macro molecular pollutants are continuously degraded into small molecules with the process of electrolysis.
Analysis of Organic Pollutants in Sewage before and after Treatment
The components and contents of organics in the extracted sewage before and after electrochemical treatment are analyzed by GC-MS. The analytical results are shown in Table 3 and Table 4 after spectral library search matching to determine the composition and content of organic pollutants in sewage before and after electrochemical treatment.
It can be seen from Table 3 , and the number of straight chain organics is increased by 9 from C 14 -C 30 to C 14 -C 39 . A large amount of active free radicals may be produced during the electrochemical treatment process, resulting in the degradation of aromatic organics in the sewage. The content of generated straight chain hydrocarbons or molecular fragments increases with the decreasing in the types and content of aromatic organics in the aqueous solution. The concentration and types of straight chain organics in aqueous solution increase markedly, it shows an opposite trend with the decreasing in the types and content of aromatic pollutants in Table 3 .
As can be seen from Table 5 , COD value in sewage after electrochemical treatment is 48 mg·L −1 , the COD removal rate was 78.76% and reached the national and local control standard, and most of the aromatic organics are degraded.
Conclusions
1) Inert metal titanium is used as the base material with a rare earth doped oxide 2) The control parameters of the electrochemical reactor are as follows: the output current of 6 A, the electrolysis time of 50 min. The main pollutants in oilfield sewage can be degraded rapidly, and the COD is less than 50 mg·L −1 after treatment.
3) The results of SEM show there is no obvious dissolution and corrosion, indicating that the electrode material is stable.
4) The results of UV-Vis absorption spectra show non-biodegradable pollutants in sewage are effectively removed. , which reaches the discharge control standard.
